Purpose: To systematically review the literature describing the efficacy, effectiveness, and safety of raloxifene for postmenopausal Japanese women with osteoporosis or low bone mass (osteopenia). Materials and methods: Medline via PubMed and Embase was systematically searched using prespecified terms. Retrieved publications were screened and included if they described randomized controlled trials or observational studies of postmenopausal Japanese women with osteoporosis or osteopenia treated with raloxifene and reported one or more outcome measures (change in bone mineral density [BMD]; fracture incidence; change in bone-turnover markers, hip structural geometry, or blood-lipid profile; occurrence of adverse events; and change in quality of life or pain). Excluded publications were case studies, editorials, letters to the editor, narrative reviews, or publications from non-peer-reviewed journals; multidrug, multicountry, or multidisease studies with no drug-, country-, or disease-level analysis; or studies of participants on dialysis. Results: Of the 292 publications retrieved, 15 publications (seven randomized controlled trials, eight observational studies) were included for review. Overall findings were statistically significant increases in BMD of the lumbar spine (nine publications), but not the hip region (eight publications), a low incidence of vertebral fracture (three publications), decreases in markers of bone turnover (eleven publications), improved hip structural geometry (two publications), improved blood-lipid profiles (five publications), a low incidence of hot flushes, leg cramps, venous thromboembolism, and stroke (12 publications), and improved quality of life and pain relief (one publication). Conclusion: Findings support raloxifene for reducing vertebral fracture risk by improving BMD and reducing bone turnover in postmenopausal Japanese women with osteoporosis or osteopenia. Careful consideration of fracture risk and the risk-benefit profile of antiosteoporosis medications is required when managing patients with osteoporosis.
Introduction
Osteoporosis is a major health problem worldwide that is "characterized by low bone mass and microarchitectural deterioration of bone tissue, with a consequent increase in bone fragility and susceptibility to fractures". 1 In Japan, population-based estimates using 2005 data and no age cutoffs suggest that osteoporosis affects between 6.4 million and 11 million people, and that the incidence of osteoporosis increases with age and is significantly greater in women than men. 2 Given that Japanese people have the world's longest life expectancy from birth (currently at 83.7 years for 2010-2015) 3 and Japan's rapidly increasing aged population, 4 there is a clear need to reduce the burden of osteoporosis in the coming years.
Fracture is the most serious consequence of osteoporosis. This is primarily because women with osteoporosis have marked deterioration in bone mineral density (BMD) and bone architecture, which results in deterioration in bone strength. 5 Of the types of osteoporotic fractures, vertebral fractures are of great concern, because of the risk of subsequent vertebral fractures and the resulting "vertebral fracture cascade", 6 the increased risk of nonvertebral fractures following vertebral fractures, 7, 8 and the considerable effect vertebral fractures have on pain, health-related quality of life, and mortality rate. [9] [10] [11] [12] [13] [14] The impact of vertebral fractures is particularly important for Japanese women, because findings in population-based or longitudinal studies that used similar morphometric methods to assess the incidence of vertebral fracture have shown a higher incidence of vertebral fractures in Japanese women than Caucasian women. [15] [16] [17] Hip fractures resulting from osteoporosis are also a significant burden. In Japan, hip-fracture incidence is expected to increase 68% from 2012 to 2040, with an average hospital cost of US$27,599 for surgical treatment. 18 In Japan, therapeutic treatments recommended for osteoporosis include bisphosphonates (eg, risedronate, alendronate), selective estrogen-receptor modulators (eg, raloxifene, bazedoxifene), active vitamin D 3 derivatives (eg, alfacalcidol, eldecalcitol), and recombinant parathyroid hormone. 19 Bisphosphonates are the most familiar and well-studied of these treatments, 19, 20 with proven efficacy for vertebral fracture reduction in Japanese patients. 21 Of the other treatments, raloxifene, a nonsteroidal benzothiophene derivative of the selective estrogen receptor-modulator class, has been used to treat postmenopausal osteoporosis in Japan since May 2004 (60 mg tablets). 19 Raloxifene is a suitable therapy for the treatment of postmenopausal osteoporosis, because the estrogen-like actions of raloxifene in bone averts the imbalance in bone turnover (excess resorption versus formation) caused by postmenopausal estrogen deficiency. In addition, the estrogen-like actions of raloxifene are tissue-specific, because raloxifene does not stimulate mammary or uterine endometrial tissue. 22 Compared with placebo, raloxifene has been shown to reduce the relative risk of vertebral fractures by up to 69% in postmenopausal Caucasian women with osteoporosis after 3 years of treatment. 23 Additional findings for raloxifene indicate increases in lumbar spine BMD 22 and in terms of bone quality, improvements in hip cortical geometry, 24, 25 and collagen quality by reducing nonenzymatic collagen crosslinks, 26 and the maintenance of heterogeneous mineralization in bone. 27 Although findings from a post hoc analysis of data from two independent studies indicated that postmenopausal Japanese and Chinese women treated with raloxifene had a lower incidence of vertebral fractures than those treated with placebo, 28 the available data describing the effect of raloxifene treatment in postmenopausal Japanese women have not been adequately synthesized. Synthesis and evaluation of these data may provide valuable information for Japanese physicians treating postmenopausal women with osteoporosis.
To evaluate the existing evidence for postmenopausal Japanese women with osteoporosis or low bone mass (osteopenia) treated with raloxifene, we performed a systematic review of the literature. The objective of this review was to examine the efficacy, effectiveness, and safety findings from clinical trials and observational studies of raloxifene and to provide clinical insight into the usefulness of raloxifene for preventing or reducing the risk of subsequent vertebral and nonvertebral fractures in Japan.
Materials and methods

Search strategy
A search for relevant publications was done on May 28, 2013 using the database Medline via PubMed and Embase. The search terms were Japan (Medical Subject Headings [MeSH], Emtree), raloxifene (MeSH, Emtree), Evista, osteoporosis (MeSH, Emtree), fracture (Emtree), fracture*, and bone density (MeSH, Emtree). Search terms were combined using the Boolean operators OR and AND to give the following strategy: Japan AND (raloxifene OR Evista) AND (osteoporosis OR [fracture OR fracture*] OR bone density). The search limits were human species only and publication date from January 1, 1980 onwards.
Study selection
Publications identified in Medline via PubMed and Embase were collated using Endnote X5 (Thomson Reuters, New York, NY, USA). Duplicate publications were discarded, and the remaining publications were screened using prespecified inclusion and exclusion criteria. The title and abstract of each publication were screened initially; the full text of a publication was screened only if screening of the title and abstract was inconclusive. Publications describing randomized controlled clinical trials and observational studies (prospective and retrospective) of postmenopausal women with osteoporosis or osteopenia receiving raloxifene treatment were included if they reported one or more outcome measures. Outcome measures were change in BMD of the lumbar spine, femoral neck, total hip, total neck, or other areas within the hip region; incidence of new vertebral fracture or nonvertebral fracture; change in biochemical markers Clinical Interventions in Aging 2014:9 submit your manuscript | www.dovepress.com
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Systematic review of raloxifene in Japan of bone turnover, hip structural geometry, or blood-lipid profile; occurrence of adverse events (AEs; type, incidence, and severity), in particular venous thromboembolism (VTE), cardiovascular events, stroke, vaginal bleeding, or hot flush; effect on coagulation parameters or breast, uterus, ovary, or reproductive tissues; and change in quality of life or pain.
Publications were excluded if they were case studies, editorials, letters to the editor, narrative reviews, or published in a non-peer-reviewed journal; were multidrug studies that did not include a subanalysis of raloxifene; were multicountry studies that did not include a subanalysis of Japanese participants; were multidisease studies that did not include a subanalysis of participants with osteoporosis or osteopenia; or if participants were on dialysis. The bibliographies of systematic reviews were screened for other potentially relevant publications.
Data extraction and analysis
Data extraction was conducted by one person, and the extracted data were reviewed by all authors. Data extracted were study and participant characteristics (study design, number and mean age of participants, therapy and dose, study duration [ie, number of weeks], disease definition, study objective), and findings for BMD of the lumbar spine, femoral neck, total hip, total neck, or other areas within the hip region (percentage change in BMD from baseline to 52 weeks or BMD at baseline and at 52 weeks), vertebral and nonvertebral fracture incidence, biochemical markers for bone turnover (percentage change in concentration from baseline to 52 weeks or concentration at baseline and at 52 weeks), hip structural geometry parameters (percentage change in parameters from baseline to 52 weeks), blood-lipid profile (percentage change in concentration from baseline to 52 weeks or concentration at baseline and at 52 weeks), AEs (type, incidence, and severity; incidence of VTE, cardiovascular events, stroke, vaginal bleeding, or hot flush) and quality of life and pain (mean change in scores from baseline to 24 weeks).
Results
Literature-search results
A total of 292 abstracts were retrieved from the search of PubMed and Embase (Figure 1 ). Duplicate publications were discarded (n=65), the remaining 227 abstracts screened, and 26 publications selected for full-text review. The main reasons for exclusion were no relevant outcomes reported, raloxifene not included, or study not conducted in humans (Figure 1 ). The remaining 15 publications were included for review.
Study and participant characteristics
Of the 15 publications included for review, there were seven randomized controlled trials [29] [30] [31] [32] [33] [34] [35] reporting evidence for efficacy and eight observational studies 24, [36] [37] [38] [39] [40] [41] [42] reporting evidence of effectiveness ( Table 1) . Evidence of safety was reported in 12 [29] [30] [31] [32] [33] [35] [36] [37] [38] [40] [41] [42] of the 15 publications. The method of randomization and allocation (eg, randomly generated treatment codes, random self-drawing of prepared sealed envelopes) was described in four 29, 32, 33, 35 of the seven randomized controlled trials. Only the double-blind placebocontrolled trial 35 and an open-label randomized controlled trial 30 described whether randomization and allocation were blinded. The number of participants enrolled varied from 39 in one randomized controlled trial 30 to 7,557 in two postmarketing surveillance observational studies. 40, 41 The mean age of participants ranged from 63 to 80 years (Table 1) . On average, most participants had undergone menopause at 50 years of age (data not shown). Most publications (14 of 15) assessed the effects of raloxifene for a minimum of 52 weeks (Table 1) . A definition for osteoporosis and osteopenia was reported in 14 of the 15 publications, with most publications (n=11) defining osteoporosis and osteopenia according to the Japanese diagnostic criteria year 2000 revision 43 (Table 1) .
BMD
Findings for BMD were reported in eleven of the 15 publications, and included BMD of the lumbar spine (nine publications), 29, [31] [32] [33] [35] [36] [37] [38] 40 of the femoral neck, total hip, or total neck (six publications), 29, 32, 33, [36] [37] [38] or of other regions in the hip (five publications). 24, 33, 36, 38, 39 Findings were reported as the percentage change in BMD from baseline to 52 weeks or BMD at baseline and at 52 weeks in all publications. There were three longer-term studies reporting BMD at 104 weeks 24, 32, 40 and at 156 weeks. 40 After 52 weeks of treatment with raloxifene 60 mg/day, lumbar spine BMD increased significantly from baseline in all nine publications reporting findings for lumbar spine BMD, including the randomized placebo-controlled trial 35 of raloxifene 60 or 120 mg/day ( Table 2 ). In the randomized comparative trials, the increase in lumbar spine BMD for raloxifene was less than that for alendronate (P,0.01), 31 more than that for alfacalcidol, 29, 32 and less than 32 or more than 29, 33 that for combination treatment with raloxifene and alfacalcidol ( Table 2) .
Compared with lumbar spine BMD, the effect of raloxifene 60 mg/day on BMD in the femoral neck, total hip, or total neck ( 
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In the eight publications 24, 29, 32, 33, [36] [37] [38] [39] that reported findings for BMD in the femoral neck, total hip, total neck, or other regions of the hip, BMD increased, remained the same, or decreased; few of the increases in BMD were statistically significant.
Fracture incidence
Fracture incidence (vertebral or nonvertebral) was reported in three of the 15 publications, including publications from two randomized controlled trials 31, 35 and one observational study. 40 However, only the observational study, which was a 
PubMed n=69
Embase n=223
Duplicates, n=65 
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Fujiwara et al postmarketing surveillance study, was sufficiently powered to detect the incidence of vertebral fractures. 40 Findings from this study suggested that after 36 months of treatment with raloxifene, the incidence of new clinical vertebral and nonvertebral fractures in postmenopausal women is low. Of the 6,967 participants, 36 (0.5%) reported new clinical vertebral fractures and 52 (0.7%) reported new clinical nonvertebral fractures. 40 Nearly half of these participants had prevalent fractures: 17 of the 36 participants (47%) with new clinical vertebral fractures and 19 of the 52 participants (37%) with new clinical nonvertebral fractures.
In a smaller randomized placebo-controlled study, few postmenopausal women taking raloxifene (60 mg/day or 120 mg/day) had a new vertebral fracture (0.05%, one of 183, versus placebo 2%, two of 97) or a new nonvertebral fracture (0.05%, one of 183, versus placebo 4%, four of 97) after 52 weeks of treatment. 35 In addition, findings from another randomized study suggested that the incidence of vertebral fractures was not significantly different between postmenopausal women taking raloxifene (13.1%, n=61) and alendronate (14.0%, n=61). 31 
Biochemical markers of bone turnover
Findings for biochemical markers of bone turnover were reported in eleven of the 15 publications: publications from six randomized controlled trials [29] [30] [31] [32] [33] 35 and five observational studies. [36] [37] [38] [39] [40] The biochemical markers were alkaline phosphatase or bone-specific alkaline phosphatase (BAP; ten publications), type 1 collagen N-telopeptide (NTx; ten publications), type 1 collagen C-telopeptide (CTx; three publications), osteocalcin (one publication), tartrate-resistant acid phosphatase (one publication), and deoxypyridinoline (one publication) ( Table 3 ). Findings were reported as the percentage change in concentration from baseline to 52 weeks or concentration at baseline and at 52 weeks.
Concentrations of all biochemical markers of bone turnover assessed decreased after 52 weeks of treatment with raloxifene ( Table 3 ). The decreases in the biochemical marker concentrations from baseline were statistically significant when statistical significance was reported. When reported, the mean percentage decrease in concentrations after 52 weeks of treatment with raloxifene varied from 10% 31 to 38% 30 for BAP and 13.5% 39 to 35% 29, 31 for NTx. In the randomized comparative trial of raloxifene and alendronate, 31 the mean percentage decreases in serum alkaline phosphatase concentrations after 52 weeks of treatment and urinary NTx concentrations after 12 weeks of treatment were less for raloxifene than alendronate (alkaline phosphatase not significant, NTx P,0.05, Table 3 ). In the randomized comparative trials of raloxifene and alfacalcidol, the effect of raloxifene on BAP, NTx, and CTx concentrations was more pronounced than that of alfacalcidol after 52 and 104 weeks of treatment, 32 and was less pronounced, similar to, or more pronounced than that combination treatment with raloxifene and alfacalcidol (Table 3) . 29, 32, 33 
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Systematic review of raloxifene in Japan Hip structural geometry Findings for the hip structural geometry in the proximal femur were reported in two of the 15 publications, both of which were prospective observational studies. 24, 39 The hip-structure analysis parameters were the cross-sectional area, mean cortical thickness, section modulus and buckling ratio of the narrow neck, intertrochanter, and shaft regions of the proximal femur; one publication reported the inner diameter, 39 and the other reported the outer diameter. 24 Findings were reported as the mean (95% confidence interval [CI]) percentage change in parameters from baseline to 52 weeks in both publications and from baseline to 104 weeks in one publication. 24 Nearly all hip-structure analysis parameters for the intertrochanter and shaft regions of the proximal femur improved significantly after 52 weeks of treatment with raloxifene. For the intertrochanter and shaft regions, there were significant (P,0.05) increases in the cross-sectional area, mean cortical thickness, and section modulus after 52 weeks 24, 39 and 104 weeks 24 of raloxifene treatment. In addition, there was a significant (P,0.05) decrease in the buckling ratio of the intertrochanter and shaft regions in one publication 39 and in the intertrochanter region in the other publication. 24 However, this difference for the intertrochanter region was not significant at 104 weeks. 24 In contrast, only a few hipstructure analysis parameters for the narrow neck regions for the proximal femur had improved significantly after 52 weeks of treatment with raloxifene. 24 These significant improvements (P,0.05) included increases in the cross-sectional area, section modulus, and outer diameter. 24 
Blood-lipid parameters
Findings for blood-lipid parameters were reported in five of the 15 publications, including publications from four randomized controlled trials 31, [33] [34] [35] and one prospective observational study. 36 The blood-lipid parameters were total cholesterol (four publications), high-density lipoprotein cholesterol (five publications), low-density lipoprotein (LDL) cholesterol Notes: *P,0.05, **P,0.01, and ***P,0.001 indicate significant differences from baseline; a study presented data of biochemical markers of bone turnover in figures, but did not report specific values in the figure or results text; b osteocalcin levels were also measured in this study; statistically significant (P,0.001) reductions from weeks 0 to 52 were reported; c urinary levels tested; d serum alkaline phosphatase levels were measured; e mean (SD) percentage change for NTx is from week 0 to week 12; f serum levels tested; g authors did not specify the value of statistical significance for bone biochemical marker reductions; h tartrate-resistant acid phosphatase levels were also measured in this study; the mean (95% CI) percentage change from week 0 to 52 was -27 (-33 to -21) mU/dL for all postmenopausal women, -31 (-40 to -22) mU/dL for the RLX am group, and -23 (-32 to -14) mU/dL for the RLX pm group; i values are means (95% CI); j urinary deoxypyridinoline levels were also measured in this study; statistically significant (P,0.001) reductions from week 0 to 52 were reported; k values are medians; median percentage change for NTx is from week 0 to week 26. Abbreviations: ALF, alfacalcidol; ALN, alendronate; BAP, bone-specific alkaline phosphatase; BCE, bone collagen equivalents; CTx, type 1 collagen C-telopeptide; NM, not measured; NR, not reported; NTx, type 1 collagen N-telopeptide; RLX, raloxifene 60 mg/day; SD, standard deviation; CI, confidence interval.
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Fujiwara et al (five publications), and triglycerides (five publications) ( Table 4 ). Findings were reported as the percentage change in concentration from baseline to 52 weeks or concentration at baseline and at 52 weeks.
In general, the blood-lipid profile of participants had improved after 52 weeks of treatment with raloxifene (Table 4) . Decreases in the concentrations of both total cholesterol and LDL cholesterol from baseline concentrations were reported in all publications reporting findings of these parameters. These decreases were statistically significant for total cholesterol concentrations in three publications 31, 33, 36 and LDL cholesterol concentrations in two publications. 31, 36 The concentration of high-density lipoprotein cholesterol was significantly increased (P,0.05) in one publication, 34 but remained the same in the four other publications ( Table 4) . The concentration of triglycerides either decreased or remained the same (Table 4 ).
In the randomized controlled trial, decreases in total cholesterol concentrations and LDL cholesterol concentrations were significantly greater (P,0.05) for participants receiving raloxifene (60 mg/day and 120 mg/day) than those receiving placebo after 52 weeks of treatment. 35 In the randomized comparative trial of raloxifene and alendronate, decreases in LDL cholesterol concentrations were significantly greater (P,0.05) for participants receiving raloxifene than those receiving alendronate after 52 weeks of treatment. 31 
Safety
Findings for safety variables were reported in 12 of the 15 publications: publications from six randomized controlled trials [29] [30] [31] [32] [33] 35 and six observational studies.
36-38,40-42
Safety variables were the type, incidence, and severity of AEs (four publications) (Table 5) , study discontinuations resulting from AEs (nine publications) (Table 6) , stroke risk (one publication), 41 and change in markers of coagulation and fibrinolysis (one publication). 30 Three publications from one randomized controlled trial 34 and two observational studies 24, 39 did not report findings for any safety variables.
The type, incidence, and severity of AEs were reported in four publications from two randomized controlled trials 29, 35 and two observational studies, 40, 42 both of which were postmarketing surveillance studies ( Table 5 ). The safety findings were consistent with those expected for raloxifene use in Japan. 44 In the randomized placebo-controlled trial, 35 almost half of the participants reported at least one AE, whereas about 10% of the participants in the long-term postmarketing surveillance study reported an AE. 40 Few postmenopausal women had hot flushes, leg cramps, breast pain, or vaginal bleeding (when reported) in the randomized trials (Table 5) . Clinically relevant abnormal changes in breast tissue were reported in one woman taking raloxifene 120 mg/day (inspection and palpation) and in one woman taking placebo (ultrasound examination) in the randomized placebo-controlled trial. 35 In addition, clinically relevant abnormal changes in endometrial thickness were reported in two women taking raloxifene 60 mg/day and one woman taking raloxifene 120 mg/day. 35 Common AEs reported in the postmarketing surveillance studies were peripheral edema and abdominal discomfort (Table 5) . (58) 144 (58), 124 (72) 57 (14), 53 (11) 57 (15), 56 (15) 119 (38), 106 (24) 125 (30), 118 (27) Hayashi et al 34 
RLX HRT Control NR (NR), NR (NR) NR (NR), NR (NR) NR (NR), NR (NR)
95 (24), 86 (11) 96 (25), 97 (18) 97 (21), 95 (21) 56 (6), 64 (7)* 57 (5), 56 (8) 57 (5), 56 (6) 113 (14), 102 (15) 112 (11), 114 (13) 119 (11) 
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In a postmarketing surveillance study of 6,970 postmenopausal women, the risk of stroke was not significantly increased after 52 weeks of treatment with raloxifene. 41 In this study, 23 treatment-emergent stroke cases were reported (crude stroke risk =0.33%). Of these 23 cases, four had a previous history of stroke, nine had risk factors for stroke (eg, hypertension), and ten had no risk factors for stroke. Four women died as a result of stroke. 41 In another postmarketing surveillance study of 6,967 postmenopausal women, there were 12 cases of stroke, eight of which were serious, after 156 weeks of treatment with raloxifene. 40 Although no VTE events were reported in the randomized placebo-controlled trial, there were eleven cases of VTE, three of which were serious, in the 3-year postmarketing surveillance study (Table 5) . In another publication, the concentration of plasminogen-activator inhibitor, a marker for the increased risk of VTE, was increased after 52 weeks of treatment with raloxifene. 30 This increase in 
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Fujiwara et al plasminogen activator-inhibitor concentration was noted for participants taking raloxifene in the morning, but not those taking raloxifene in the evening, suggesting that dosing time may have influenced the safety of raloxifene in this study population.
Study discontinuations resulting from AEs were reported in nine publications from six randomized controlled trials [29] [30] [31] [32] [33] 35 and three observational studies (Table 6) . [36] [37] [38] Few participants discontinued treatment because of AEs; leg and limb cramps, and muscle pain were the most common reasons for participants discontinuing raloxifene treatment ( Table 6 ).
Quality of life and pain
Findings for quality of life and pain were reported in one publication from a postmarketing surveillance study. 42 In this publication, quality of life was assessed using the Short Form (SF)-8 Health Survey, the European Quality of Life Instrument, and the Japanese Osteoporosis Quality of Life Questionnaire, whereas pain was assessed using a visual analog scale and a pain-frequency survey. Findings were reported as the mean (standard deviation) change in scores from baseline to 24 weeks. Improvement in quality of life and relief from pain was reported after 24 weeks of treatment with raloxifene. 42 All scores for the SF-8 domains (general health, physical functioning, role physical, bodily pain, vitality, social functioning, mental health, and role -emotional) improved significantly (P,0.001) from baseline, as did the European Quality of Life Instrument score. Significant improvements (P,0.05) in the total score and the scores of individual domains, except for the recreation/social activities domain, for the Japanese Osteoporosis Quality of Life Questionnaire were also reported. Relief from pain was indicated by a significant decrease (P,0.001) in pain severity (decreased visual analog scale scores) and decreases in the frequency of pain (fewer participants reporting permanent frequent pain).
Discussion
This is the first systematic review describing the efficacy, effectiveness, and safety outcomes of postmenopausal Japanese women with osteoporosis or osteopenia treated with raloxifene. Overall, a broad range of outcomes were reported for raloxifene (eg, BMD, bone turnover, lipid metabolism, AEs) in randomized controlled studies and observational studies, which included postmarketing surveillance studies. Despite the variation in study designs and methods reported, the body of evidence in this systematic review supports the effectiveness of raloxifene in increasing lumbar spine BMD and reducing the incidence of subsequent fracture, is associated with improvements in other healthoutcome measures, and is well tolerated in postmenopausal Japanese women. When reported, lumbar spine BMD increased significantly, 29, [31] [32] [33] [35] [36] [37] [38] 40 and biochemical markers of bone turnover decreased after 52 weeks of treatment with raloxifene. [29] [30] [31] [32] [33] [35] [36] [37] [38] [39] [40] However, limited data were available to confirm whether these improvements in bone quality were associated with a reduction in the incidence of vertebral or nonvertebral fracture in postmenopausal Japanese women. The AEs reported in the studies included in this review were consistent with the safety profile of raloxifene use in Japan. 44 In bone cells, where postmenopausal estrogen deficiency has caused an imbalance in bone turnover (excess resorption versus formation), raloxifene binds to estrogen receptors and induces conformational changes that are distinct from the binding of estrogen. 45 Raloxifene then acts as an agonist to decrease bone resorption and normalize bone turnover, thereby preserving BMD. In the MORE (Multiple Outcomes of Raloxifene Evaluation) study (a pivotal multicenter, international, blinded, randomized, placebo-controlled trial of 7,705 postmenopausal women with osteoporosis from Europe, the Americas, and Oceania), 46 raloxifene was shown to increase BMD, improve bone strength, and prevent vertebral fractures, but not to reduce the risk of nonvertebral fractures as a primary outcome. 47, 48 In our systematic review, the increase in lumbar spine BMD and decrease in biochemical markers of bone turnover in postmenopausal Japanese women support the findings from the pivotal studies of raloxifene conducted in Caucasian populations. 47, 48 In another publication excluded from our review (because it was published in a non-peer-reviewed journal), the increase in lumbar spine BMD reported for raloxifene was 7.1% at 26 weeks. 49 In this study, raloxifene was coadministered with eldecalcitol, an active vitamin D 3 analog, which has been shown to enhance the mechanical properties of trabecular and cortical bone by suppressing bone turnover and increasing BMD more than either monotherapy in ovariectomized rats. 50 Although in our review there were few head-to-head studies of raloxifene compared with other osteoporosis medications, the data available suggest that the effect of raloxifene on BMD and biochemical markers of bone turnover was not as pronounced as that of alendronate. 31 However, it is not clear how these findings translate to any potential 
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Systematic review of raloxifene in Japan differences in the effect of raloxifene on new vertebral fractures, because of the limited length of follow-up (52 weeks) and because this study was not sufficiently powered to assess incidence of vertebral fracture. 31 We identified only one publication sufficiently powered to detect vertebral fracture incidence. In this postmarketing surveillance study 40 of Japanese women with osteoporosis treated with raloxifene, the low incidence of vertebral fractures was consistent with findings from the MORE study 47, 48 and a post hoc analysis of combined study data from postmenopausal Japanese 35 and Chinese women with osteoporosis. 28 Interestingly, the incidence of new clinical nonvertebral fractures (0.7%) was slightly higher than new clinical vertebral fractures (0.5%) in the postmarketing surveillance study. 40 This finding may have been due to the criteria used to define new clinical fractures (reported signs or symptoms suggestive of fracture subsequently corroborated by radiographs) that excluded vertebral morphometry, which may have identified more patients with a vertebral fracture. In the post hoc analysis, which was not included in this systematic review because the analysis combined data from both Japanese and Chinese populations, the incidence of new clinical vertebral fractures was significantly lower for postmenopausal Japanese and Chinese women taking raloxifene (60 mg/day or 120 mg/day) than those taking placebo (0 of 289 versus seven of 199 [3.5%], P=0.002). 28 Treatments that help improve lumbar spine BMD and bone quality and consequently reduce the incidence of vertebral fracture (which includes preventing or reducing the risk of subsequent vertebral and/or nonvertebral fractures) are important in Japanese populations. This is because the incidence of vertebral fractures in Japanese women appears to be higher than in Caucasian women. In studies using similar morphometric methods, the incidence of vertebral fracture in the Japanese study was about 40 per 1,000 person-years for women in their 70s, 15 whereas the incidence in studies of Caucasian women of a similar age are about twofold lower. 16, 17, 51 In another study, the prevalence of vertebral fracture in 70-to-74-year-old women was greater in Japanese women (248 cases per 1,000) than women of Japanese descent (148 cases per 1,000) or Caucasian women (150 cases per 1,000). 52 The higher incidence of vertebral fractures for Japanese women is also apparent compared with women from other Asian countries. The prevalence of vertebral fractures was significantly greater in women aged 65-74 years from Japan than those from Hong Kong, Indonesia, and Thailand. 53 Factors specific to the Japanese lifestyle, culture, and ethnicity may influence the risk of fracture in Japanese women. 54 For example, BMD is lower in Japanese women than Caucasian women of the same age. 43, 55 Other factors shown to be possibly associated with vertebral fractures in Japan include weight, age, menstrual history, 56 genetic factors, 57 bone and calcium metabolism, 58 calcium intake, 59 and vitamin D levels. 60 All of these factors contribute to BMD levels, and thus may indirectly influence the prevalence of vertebral fractures. However, although these other factors may contribute indirectly, future fracture risk in women from Japan can be accurately predicted using age, BMD, and prior vertebral fracture status. 61 Findings from this review showed that although proximal femur structural geometry improved with raloxifene treatment, 24 ,39 the effect of raloxifene on the BMD of the femoral neck, total hip, total neck, or other regions of the hip in postmenopausal Japanese women was variable. 24, 29, 32, 33, [36] [37] [38] [39] This variable effect on BMD in the hip region may be explained, at least in part, by participants having different BMD values for the hip region at baseline, because specific BMD values for the hip region were not an inclusion criterion in studies reporting these findings. 24, 29, 32, 33, [36] [37] [38] [39] Hip-structure analysis is a valuable measure of proximal femur geometry and strength 62 that has been used to show age-, ethnic-, and sex-related differences in proximal femur geometry and strength, [63] [64] [65] [66] [67] as well as the effects of osteoporotic treatments. 25, [68] [69] [70] [71] The findings from the studies that assessed hip structure 24, 39 suggest that raloxifene may have a beneficial effect on hip-bone quality. However, although this effect may translate to a reduction in the likelihood of hip fracture, there is no published evidence available to show that treatment with raloxifene reduces the incidence of hip fracture in postmenopausal women with osteoporosis.
The safety and tolerability findings in the publications included in this review suggested that raloxifene was well tolerated in most postmenopausal women in Japan. Few postmenopausal women discontinued because of AEs, and few postmenopausal women experienced AEs commonly associated with raloxifene use, such as leg cramps, hot flushes, and peripheral edema. 22 The main safety concern of treatment with raloxifene is an increased risk of VTE. 22 Although the incidence of VTE in clinical studies of raloxifene is low, findings from the pivotal MORE study, which excluded women with a history of thromboembolic events in the past 10 years, showed that the relative risk of VTE was 3.1 (95% CI 1.5-6.2) 46 and of pulmonary embolism was 4.5 (95% CI 1.1-19.5) 72 for raloxifene compared with placebo at 36 months. The estimated incidence of deep vein thrombosis in Japanese people is a tenth of that in Caucasian people (42 versus 370-420, respectively, per 1,000,000 people), 73 and the findings of this systematic review confirmed the low incidence of VTE in postmenopausal Japanese women taking raloxifene. 35, 40 In addition, evidence from largescale postmarketing surveillance studies showed that the incidence of stroke or fatal stroke was not different from the general female Japanese population after 1 year 41 or 3 years 75 of treatment with raloxifene. Although the bloodlipid profile of postmenopausal women taking raloxifene had improved (eg, decreases in both total cholesterol and LDL cholesterol), 21, 33, 35, 36 there is no evidence that improved blood-lipid profiles are associated with better cardiovascular outcomes in postmenopausal women at increased risk of coronary heart disease. 75 This systematic review retrieved only one publication reporting quality-of-life and pain findings in Japanese women. In this postmarketing surveillance study, 42 treatment with raloxifene improved health-related quality-of-life scores and relieved pain. This study is important, because prevalent vertebral fractures can be a major contributor to the health-related quality of life of postmenopausal women with osteoporosis. In particular, multiple vertebral fractures are of concern in Japan, as they are associated with chronic pain and incapacitating spinal deformities, deterioration in activities of daily living, and an increased risk of death. [9] [10] [11] [12] [13] [14] Specifically, morphometric vertebral fracture in Japanese women is significantly associated with lower health-related quality-of-life scores, 76 and this loss of health-related quality of life occurred after incident vertebral fracture. 77 Further, in Japan, osteoporosis may also be a significant burden on the patient's family, who are responsible for providing caregiving support to elderly family members with osteoporosis.
There were several limitations with this systematic review. First, although the publications included in this review reported a broad range of findings for raloxifene (eg, BMD, bone turnover, lipid metabolism, and AEs), these findings were limited by the different methods used and the study quality (ie, there was only one placebo-controlled randomized trial and one randomized trial comparing raloxifene with a bisphosphonate). Second, few publications assessed raloxifene treatment for more than 1 year, despite the increased risks of VTE and stroke with long-term use of raloxifene. 75 Third, publications of raloxifene coadministered with active metabolites of vitamin D were included. However, excluding these studies is not clinically appropriate, because active vitamin D 3 analogs are widely prescribed in Japan concomitantly with antiresorptive agents to compensate for calcium absorption and inhibit subsequent parathyroid hormone secretion in osteoporosis patients. Fourth, we did not provide a separate analysis of those studies in which raloxifene was coadministered with active metabolites of vitamin D. Although active vitamin D 3 analogs are widely prescribed in Japan concomitantly with antiresorptive agents, only three 29, 32, 33 of the 15 publications included in this review assessed patients taking concomitant raloxifene and active vitamin D 3 analogs (alfacalcidol), and all included raloxifene monotherapy treatment groups. Last, although there were no restrictions on language and the bibliographies of retrieved systematic reviews were hand-searched to identify any publications not retrieved in the electronic search, other nonindexed publications and unpublished data were not included.
In conclusion, osteoporosis is a major health problem in the aging population of Japan and is underdiagnosed and undertreated. 78 If left untreated, fracture may occur, resulting in considerable pain and decreased health-related quality of life. Findings from this systematic review support the efficacy and effectiveness of raloxifene for preventing or reducing the risk of subsequent vertebral and/or nonvertebral fractures by improving BMD and reducing bone turnover in postmenopausal Japanese women with osteoporosis or osteopenia. Other findings suggest that raloxifene is well tolerated and can improve quality of life. However, these findings should be considered in light of the limitations of the publications and the risk-benefit profile of raloxifene.
